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20.  Abstract  (continued) 


on  working  curve  slope,  linearity  and  signal-to-noise  ratio  is  examined.  Also, 
the  ability  of  SLM  to  minimize  broad-band  and  narrow-line  spectral  interference 
is  demonstrated.  In  particular,  it  has  been  shown  that  the  interference  of 
the  550  nm  CaOH  band  on  barium  determinations  can  be  largely  overcome.  Also, 
interference  of  several  Pd  lines  on  Ni  in  the  350  nm  region  can  be  reduced 
by  SLM.  Finally,  it  is  shown  how  the  interference  of  flame  background  itself 


can  be  restricted  in  SLM  procedures. 

\ 


Atomic  emission  spectrometry  (AES)  is  becoming  the  technique  of  choice  for 
rapid  simultaneous  or  sequential  multi-elemental  analysis.  Unfortunately, 

AES  is  often  plagued  with  spectral  interference  problems,  unless  scanning 
high-resolution  spectral  dispersing  systems  are  employed.  These  interferences 
can  take  several  forms  and  arise  from  various  sources.  Overlapping  spectral 
lines  from  the  source  background  or  matrix  concomitants  and  scattered  light 
are  commonly  encountered  spectral  interferences. 

Even  in  recent  AES  instruments  (1-3) ,  spectral  interferences  can  be  trouble¬ 
some,  subtle  and  difficult  to  overcome  (4).  The  most  straightforward  approach 
to  minimize  spectral  interferences  is  to  use  a  high-resolution  spectrometer. 
Unfortunately,  this  solution  is  costly  and  often  accompanied  by  a  loss  in  opti¬ 
cal  speed.  Also,  identifying  and  locking  onto  the  correct  spectral  line  can 
be  difficult  in  high-resolution  work,  especially  if  the  source  or  matrix  pro¬ 
duces  complex  background  spectra. 

Selective  modulation  can  also  serve  to  minimize  spectral  intei  erences  and 
avoids  many  of  the  limitations  of  the  high-resolution  approach.  In  this 
scheme,  analyte  radiation  alone  is  modulated  while  all  other  spectral  components 
remain  unaffected.  Synchronized  detection  of  the  modulated  signal  then  re¬ 
jects  interfering  radiation. 

One  form  of  selective  modulation  utilizes  a  periodically  interrupted 
sample  introduction  system  (5,6).  This  interruption  causes  emission  from  the 
solvent  and  source  to  be  continuously  present  at  the  detector  whereas  analyte 
emission  is  present  only  at  the  frequency  of  sample  alternation.  Interfering 


radiation  is  suppressed  when  the  signal  is  demodulated.  Unfortunately,  this 


form  of  selective  modulation  discriminates  against  only  source  background 
radiation  and  not  that:  produced  by  sample  components. 

Wavelength  modulation  and  derivative  spectrometry,  another  form  of  selec¬ 
tive  modulation,  have  also  been  used  to  reduce  spectral  interferences  in 
AES  (7).  In  this  approach,  the  rapid  change  in  slope  of  a  sharp  spectral  peak 
can  be  detected  against  the  presence  of  a  broadband  spectral  inter ferent. 

Selective  spectral  line  selection  was  first  achieved  in  1954  by  Alkemade 
and  Milatz  by  using  a  flame  as  a  selective  wavelength  absorber  (8) .  Other 
types  of  atom  reservoirs  have  also  been  used  to  modulate  selected  spectral 
lines  that  can  then  be  detected  preferentially  in  the  presence  of  spectral 
interferences  (9,10). 

Selective  spectral-line  modulation  (SLM)  has  been  studied  further  and  used 
in  this  laboratory  to  increase  the  slope  and  linearity  of  working  curves  in 
continuum  source  atomic  absorption  flame  spectrometry  (11,12).  Modulation 
of  the  analytical  absorption  line  provided  added  effective  resolution  for  the 
0.35  m  monochromator  used,  thus  increasing  the  working  curve  slope  and 
linearity. 

In  the  present  work,  an  AES-SLM  system  similar  to  that  of  Alkemade  and 
Kilatz  (8)  was  constructed  and  tested  with  updated  flames  and  modern 
detection  equipment  (cf.  Figure  1).  Two  flames  were  used,  one  acting  as  the 
emission  source,  the  other  serving  as  the  selective  snectral  line  modulator. 
Radiation  emitted  from  the  source  flame  is  alternately  directed  through  and 
around  the  modulating  flame  by  a  dual-beam  optical  system;  a  net  differ¬ 
ence  in  intensities  between  the  two  beams  is  then  caused  by  the  selective 
absorption  that  occurs  in  th'  modulating  flame.  Signals  derived  from  radiation 
in  this  selected  spectral  region  arc  therefore  a.c.  in  nature  and  can  be  de- 
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tected  in  the  presence  cf  the  d.c.  radiation  located  outside  the  narrow  region 
by  frequency-selective  detection. 

The  analytical  working  curves  produced  by  the  AES-SLM  process  were  found 
to  be  linear,  and  the  sensitivity  and  signal- to-noise  ratio  are  dependent  on 
modulating  solution  concentration.  At  least  three  types  of  spectral  inter¬ 
ferences  can  be  reduced  using  SLM; *  broad-band  and  narrow-line  concomitants 
and  source  background.  The  interferences  overcome  by  SLM  in  this  work  are 
the  CaOH  band  overlap  of  the  553  nm  line  of  Ba,  closely  spaced  Pd  and  Ni  lines 
near  350  nm  and  the  NpO/CjI^  flame  background. 


A  schematic  diagram  of  the  AES-SLM  system  used  in  this  work  is  shown  in 
Figure  1,  Details  concerning  the  individual  components  are  summarized  in 
Table  1.  In  the  system,  the  sample  flame  is  imaged  by  Lj  into  the  center  of 
the  modulating  flame,  just  above  the  primary  combustion  region,  and  again  by 
Lj  at  the  monochromator  entrance  slit.  The  rotating  sector  mirror  and  beam 
combiner  produce  the  double-beam  operation  necessary  for  SLM  use.  A  variable 
beam  attenuator  is  used  to  compensate  differences  in  optical  throughput  be¬ 
tween  the  two  beam  paths  (path  B  was  brighter  throughout  this  work).  A  basic 
improvement  in  design  of  the  system  over  that  described  in  (12)  is  the  posi¬ 
tion  of  the  chopper.  Here,  any  emission  from  the 'modulating  flame  will  bo 
at  a  constant  level  and  suppressed  by  a.c.  detection. 

The  two  beams  in  the  AES-SLM  system  must  be  completely  balanced  to  avoid 
false  SLM  signals.  Imbalances  can  arise  from  either  path  throughput  differences 
or  spatial  inhomogeneities  in  either  beam:  the  first  source  of  imbalance  can 
be  corrected  using  the  variable  beam  attenuator,  while  the  second  can  only  be 
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Si 


overcome  through  careful  optical  design. 

The  importance  of  this  second,  more  insidious  problem  was  especially 
evident  when  a  non-homogeneous  (swiss  cheese)  beam  combiner  was  used.  In 
such  an  optical  element,  the  substrate  is  coated  with  a  50%  matrix  of  small 
reflective  dots,  such  that  half  the  incident  light  is  reflected.  The  resulting 
discrete  regions  of  reflective  and*  transparent  surface  are  highly  sensitive  to 
beam  wander  and  inhomogeneity  and  produced  drastically  changing  relative 
beam  intensities  as  wavelength  was  scanned.  Of  course,  for  fixed  wavelength 
work,  any  kind  of  beam  recombination  optics  can  be  used,  but  for  multiwavelength 
applications,  a  homogeneous  combiner  is  superior.  Even  with  spatially  homo¬ 
geneous  optics,  small  differences  in  spectral  transmission  and  reflection  can 
create  artificial  beam  imbalances  over  broad  wavelength  ranges,  and  must 
be  overcome  through  proper  calibration. 

Optimal  modulating  solution  concentrations  were  determined  from  detected 
signal -to -noise  ratios  (S/N)  at  various  sample  solution  concentrations.  The 
S/N  was  determined  in  the  manner  suggested  by  St.  John,  et  al.  (13). 

Three  spectral  interferences  were  studied  using  the  AES-SLM  system.  The 
barium  resonance  line  at  553.5  nm  suffers  interference  from  the  band  emission 
of  CaOH,  whose  maximum  is  at  554.0  nm.  Wavelength  modulation  has  been  shown 
to  be  effective  in  reducing  this  interference  (7)  and  enables  a  useful  com¬ 
parison  between  the  methods  to  be  made. 

A  palladium-nickel  mixture  will  produce  two  sets  of  linos  that  fall  x^ithin 
the  spectral  bandpass  of  a  medium-resolution  monochromator.  The  Pd  351.69  nm 
and  the  351.50  nm  Ni  line  will  overlap,  as  will  the  Pd  346.077  nm  and  Ni  346.165  nm 
lines.  Finally,  the  NjO/CjH?  flame  background  can  also  be  a  major  spectral 
intorferent,  especially  around  380  nm,  where  the  CN  bands  are  located. 
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Conventional  emission  spectra  of  these  three  interference  systems  were 
obtained  with  the  lock-in  detection  system  by  blocking  entirely  the  path 
through  the  modulating  flame.  This  approach  provides  the  desired  detection 
mode  and  enables  the  same  optical  system  to  be  used,  so  that  an  appropriate 
comparison  can  be  made. 

All  stock  solutions  were  prepared  as  described  by  Dean  and  Rains  (14) 
using  reagent  grade  metals,  salts  and  acids.  For  the  Ca/Ba  interference 
study,  all  solutions  contained  1000  pg/mL  potassium  as  an  ionization  suppressant. 


Effect  of  Modulating  Solution  Concentration.  Figure  2  reveals  the  influence 
of  modulating  solution  concentration  on  working  curve  slope  and  linearity. 
Understandably,  all  curves  show  good  linearity  over  the  concentration  range 
studied  and  the  slope  of  the  curves  are  greater  at  higher  modulating  solution 
concentrations . 

The  practical  upper  limit  to  modulating  solution  concentration  will  vary 
from  element  to  element  and  will  be  dictated  by  the  amount  of  noise  generated 
by  emission  from  the  modulating  element  and  by  concentration-related  line 
broadening  effects.  In  continuum- source  AA,  such  line  broadening  limits  SLM 
sensitivity  and  linearity  (11,12).  Here,  however;  the  analyte  emission  line 
is  about  the  same  width  as  the  modulating  absorption  line,  so  modulation  of 
background  continuum  is  not  a  severe  performance-reducing  problem. 

Although  not  evident  over  the  concentration  ranges  shown  in  Figure  2, 

AES-SLM  working  curves  exhibit  self-absorption-caused  non-linearity  at  high 


sample  concentrations,  just  as  do  other  flame  emission  methods. 
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A  far  more  important  criterion  than  linearity  for  selecting  optimal 
modulating  conditions  is  the  signal-to-noise  ratio.  Although  the  present 
SLM  system  does  not  respond  directly  to  emission  from  the  modulating  flame, 
the  shot  noise  such  emission  generates  can  still  be  a  problem  and,  for  some  piemen 
can  dominate  at  high  modulating  solution  concentrations.  Moreoever,  modulating-  I 

i 

flame-based  flicker  noise  will  further  degrade  S/N  for  any  element.  j 

In  Figure  3,  the  decrease  in  S/N  at  high  modulating  solution  concentrations 
is  due  to  both  a  substantial  noise  increase  and  small  signal  increase.  Ob¬ 
viously,  compromises  must  be  made  to  achieve  optimal  modulating  conditions  and 
optimal  conditions  will  vary.  Understandably,  strongly  emitting  elements  will 
have  lower  optimal  modulating  concentrations  while  weaker  emitters  can  have  higher 
modulating  concentrations. 

A  further  complication  of  the  use  of  high  modulation  solution  concentrations 
is  salt  buildup  in  the  modulating  nebulizer  and  burner. 

Other  Noise  Sources.  Noise  generated  by  the  chopper  is  especially  trouble¬ 
some,  for  the  chopper  defines  the  modulating  frequency  (12).  Any  roughness  or 
other  inhomogeneity  present  over  a  small  portion  of  the  chopper's  mirrored 
surface  can  add  a  significant  amount  of  noise  to  the  SLM  signal.  The  rotation 
of  the  heavy  chopper  itself  can  upset  the  system  through  mechanical  vibration 
and  the  generation  of  air  currents  which  flutter  the  flames  at  the  chopper  fre¬ 
quency. 

The  chopper  frequency  (30  Hz)  itself  increased  the  system  noise  in  the 
present  device.  For  example,  the  mercury  546.0  nm  line  from  room  illumination 
was  found  to  produce  a  false  signal  with  just  the  detection  electronics  in 
operation.  Later  work,  with  a  different  modulation  frequency  (13.7  Hz)  alleviated 


this  problem. 
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Flicker  noise  sources  are  minimized  in  this  SLM  system  hut  are  still  prcv-r-nt. 
The  position  of  the  modulating  flame  prevents  the  modulation  of  any  background 
flicker  noise  originating  there.  However,  any  flicker  of  the  absorption 
analyte  line  is  multiplicative  and  would  appear  as  a  detected  fluctuation  in 
the  selective  attenuation.  Conveniently,  source-f lame-based  flicker  noise  i ~ 
modulated  only  over  the  bandwidth  of  the  modulating  atoms  and  not  over  the 
entire  spectral  bandpass  of  the  spectrometer,  thereby  reducing  its  effect. 

This  situation  is  in  contrast  to  previous  SLM  work  (12)  where  the  chopper  posi¬ 
tion  produced  modulation  of  the  emission  from  the  modulating  flame. 

Reduction  of  Spectral  Interferences.  Figure  4A  shows  a  portion  of  the  con¬ 
ventional  emission  spectrum  of  a  solution  containing  10  pg/mL  Ca  and  20  pg/nL  Ba: 
Figure  4B  shows  the  Ba-selective  AES-SLM  scan  of  the  same  sample.  Clearly,  the 
SLM  procedure  has  essentially  overcome  interference  from  the  Ca  band.  Sig¬ 
nificantly,  in  the  SLM  technique,  the  resolution  is  net  determined  by  the  mono¬ 
chromator,  so  high  optical  throughput  need  not  be  sacrificed  to  obtain  high 
effective  resolution. 

The  results  seen  in  Figure  4  compare  very  favorably  with  those  produced  by 
wavelength  modulation  (7).  Both  techniques  are  able  to  reject  unwanted  contri¬ 
butions  to  the  analytical  signal  from  broad  background  sources.  In  SLM,  however, 
a  small  portion  of  the  background  is  modulated  and  detected,  specifically  that 
portion  of  background  within  the  modulator  bandpass.  Here, the  bandpass  is 

approximately  0.05  A,  resulting  in  a  small  but  finite  background  eon tr ibu trier . 

The  ability  of  SLM  to  reject  increasing  amounts  of  interfering  r ad i.at in¬ 
is  illustrated  by  Figure  5.  The  SLM  signal  at  553.5  nm  from  a  fixed  barium 
concentration  (10  pg/mL)  is  shown  to  be  nearly  immune  to  large  amounts  of 


interfering  radiation. 


The  practical  limit  on  the  amount  of  ey.ee sr  radiation 
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that  can  be  tolerated  by  SLM  is  governed  by  both  the  residual  background  modu¬ 
lation  discussed  above  and  by  shot  noise  the  background  generates.  The  first 
of  these  limitations  is  manifested  in  Figure  5  as  the  slight  upward  curvature 
of  the  plot.  The  second  limitation  is  similar  to  that  which  restricts  modu¬ 
lating  solution  concentrations  (cf.  Figure  3). 

Also  evident  in  Figure  5  is  a  difference  in  intensity  between  the  AES  and 
AES-SLM  signals  of  a  10  ug/mL  Ba  solution  alone.  This  difference  arises  be¬ 
cause  the  SLM  method  does  not  result  in  total  modulation  of  the  analyte  line; 
to  do  so  would  require  an  infinite  atom  concentration  in  the  modulating  flame. 

As  a  consequence  of  this  reduced  signal  and  the  higher  noise  level  in  SLM  discussed 
earlier,  the  SLM  approach  is  somewhat  less  sensitive  than  conventional  emission 
measurements. 

As  a  further  illustration  of  the  ability  of  SLM  to  overcome  spectral  inter¬ 
ferences,  consider  the  Pd  351.69  nm  and  Ni  351.50  nm  lines.  As  shown  in  tve 
spectral  scan  of  Figure  6B,  these  lines  appear  as  an  unresolved  doublet  in  a 
conventional  AES  measurement  using  the  moderate  resolution  monochromator  em¬ 
ployed  here.  In  contrast,  a  Ni-selective  SLM  scan  (Figure  6A)  results  in  a 
significant  reduction  of  all  Pd  features.  Specifically,  the  Pd  348.1  and 
351.69  nm  lines  have  been  greatly  reduced  and  the  Ni  lines  at  351.50  and 
346.16  nm  are  better  resolved. 

Significantly,  the  Ni  features  of  figure  6  cannot  be  reduced  using  Pd 
as  the  modulating  solution.  All  of  the  Pd  lines  that  appear  in  Figure  6  are 
the  more  energetic,  nonresonance  lines  whose  lower  levels  are  not  sufficiently 
populated  in  the  air/C2H2  modulating  flame  used  here  to  produce  significant 
selective  modulation.  With  Pd  alone  in  the  modulating  solution,  the  spectral 
region  of  Figure  6  appears  to  be  featureless. 


In  the  reduction  of  line  intere Terences  (cf.  Figure  6),  SLM  should  prove 


superior  to  wavelength  modulation.  In  the  latter  method,  the  resolution  of 


the  AES  system  is  still  determined  hy  the  monochromator  whereas  in  SLM  the 
effective  resolution  is  that  of  an  atomic  absorption  linewidth. 

Figure  7  illustrates  the  ability  of  SLM  to  overcome  spectral  inter feroiv'r 
from  source  background.  Figure  7A  shows  a  conventional  scan  of  the  NjQ/CiHo 
flame's  background  between  320  and*  490  nm.  The  intense  ON  band  at  390  nm  is 
the  major  feature.  The  CM  band  is  greatly  reduced  in  the  AES-SLM  spectrum 
(Figure  7E) . 

Of  course,  not  all  background  features  will  be  removed  by  SLM,  The  two 
flames  used  here  (air/C2H2  and  N2O/C2H2)  have  some  species  in  common,  e.g.  OH. 
and  these  will  experience  some  modulation.  In  the  spectral  region  shown  in 
Figure  7,  however,  it  is  seen  that  these  common  species  have  little  effect. 


It  is  important  in  SLM  that  the  excitation  atom  reservoir  is  at  a  higher 
temperature  than  the  modulating  atom  reservoir.  If  the  temperatures  were  equal 
no  net  absorption  or  emission  would  occur,  and  no  SLM  signal  would  be  seen. 

This  factor  limits  the  choice  of  modulating  flame  or  other  atom  reservoirs  ■ 0 
those  which  are  relatively  cool  and  therefore  exnibit  poor  atomization  ef fit- ien 
for  some  elements.  This  situation  might  restrict.  SLM  to  the  determination  of 
only  selected  elements  or  combinations  of  elements.  Moreover,  fcecou**'  \r  •: 
are  not  in  high  concentrations  in  most  flames,  the  SLM  me.asu-emenr  of  ion  l\n-s 
will  be  difficult  or  will  require  alternative  selective  absorption  cells.  This 
factor  might  preclude  the  useful  application  of  SLM  to  plasma  emission. 

The  SLM  concept  should  also  be  applicable  to  nondisper sive  detection.  \L- 
though  such  an  application  would  suffer  an  increase  in  noise  level,  spectra i 
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interference  should  be  minimized  since  effective  isolation  of  the  analytical  line 
occurs  prior  to  detection. 

Work  is  currently  underway  in  our  laboratories  to  apply  SLM  to  other  analyte 
and  matrix  combinations  and  to  other  sources  (e.g.  1CP)  where  source  background, 
overlapping  lines,  stray  light,  and  other  spectral  interferences  limit  analytical 
attractiveness. 
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TABLE  1 


AES-SLM  System  Components  and  Operatin g  Condit ions 


Burners  and  Flames 


5  cm  NpO/C^H?  slot  burner  with  counter¬ 
flow  jet  spray  nebulizer  (Instrumentation 
Laboratory,  Inc.,  Wilmington,  MA) 

10.5  cm  air/C2.H2  slot  burner  with  impinging 
bead  nebulizer  (Varian  Techtron,  Palo  AJto, 
CA) 

Sample  flame 

N2O:  3  L/min 
C2.H2 :  2  L/min 

Modulating  flame 

air:  15  L/min 
C2.H2  :  3  L/min 

Gas  Handling  Purified  flame  gases  (Matheson  Co.,  Joliet, 

IL)  controlled  by  needle  valves  (Series  M, 
Nupro  Co.,  Cleveland,  OH)  monitored  by 
calibrated  rotameters  (No.  VFB,  Dwyer 
Instruments,  Inc.,  Michigan  City,  IN) 

Solution  uptake  Sample  solution:  4  mL/min 

Modulating  solution:  3  mL/min 

Observation  height  Approximately  1  cm  above  burner  tops 


Opt ics 

Monochromator  EU  700  CCA/McPherson  Instrument,  (Acton,  MA) 

0.35  m  Czerny-Turner  mount,  slit  width  de¬ 
pendent  upon  experiment  (50,  100,  300  urn) 


Sample  burner 


Modulating  burner 


Gas  Flow  Rates 


Chopper 


Half-and-half  configuration,  front-surface 
aluminum,  11.5-cm  diameter,  rotated  at  30  Hz 
by  synchronous  motor 


Plane  Mirrors 


Front-surface  aluminum;  Mj  diameter  - 
2.5  cm,  M2  diameter  -  5.1  cm  (Mellos  Griot 
Irvine,  CA) 


Lenses 


Beam  Attenuator 


Beam  Combiner 


Detection 


Photomultiplier 


Reference  Detector 


Signal  Processing 


Recorder 


Lj  diameter  -  4.5  cm,  F.L.  =  30  cm  i 

L2  diameter  -  2.5  cm,  F.L.  -  7.5  cm 
Lens  material  Suprasil  I  (Melles  Griot. 

Irvine,  CA) 

NRC  (Fountain  Valley,  CA)  50600  AV.l 
variable  circular  attenuator,  optical  density 
0.5  to  1.0  ±  0.5  at  633  nm,  with  evaporated 
aluminum,  diameter  -  5  in. 

Diameter  -  2.5  cm  (No.  6-1325«5  Special  Opticsj 
Little  Falls,  NJ)  approximately  30%  T,  30%  R  1 
between  200-400  nm  ] 

3 


RCA  1P28 ,  operated  at  500  to  900  volts. 

Supplied  by  a  Fluke  model  415B  high-voltage 
power  supply  | 

1 

2N577  photodarlington  transistor  wire  1  in  3. 
common-collector  configuration,  triggered  by  j 
chopped  light  from  a.  12-V  tungsten  flashlight 
bulb 

( 

Photocurrent  converted  to  a  proportional  voltag 
by  a  model  215  operational  amplifier  and  sent 
to  a  model  220  lock-in  amplifier  via  a  model 
210  A  frequency-selective  amplifier.  R? [erencft 
signal  sent  to  the  model  220  amplifier  via 
another  model  210A  amplifier.  All  oF  the 
above  powered  by  model  200  NIK  BIN  suppl v 
(Frinceton  Applied  Research  Corp.,  Princeton, 
NY).  Typical  time  constant,  1-3  sec. 

Heath/Schlumberger  strip  chart  type,  operated 
at  10  V  full  scale. 


FIGURE  CAPTIONS 


Figure  1. 


Figure  2. 


Figure  3. 


Figure  4. 


Figure  5. 


Schematic  diagram  of  the  double-beam  AES-SI.M  system.  The  ro¬ 
tating  sector  mirror  also  produces  the  reference  signal  for  the 
lock-in  amplifier.  See  Table  1  for  details  of  components. 
Radiation  leaving  this  system  falls  on  the  entrance  slit  of  the 
monochromator.  The  system’s  overall  length  is  about  40  cm.  Ti  e 
distance  between  beam  paths  is  about  10  cm.  See  experimental 
section  for  further  details. 

The  effect  of  modulating  solution  concentration  on  barium 
(553.5  nm)  analytical  curves.  Concentration  of  Ba  in  modulating 
solution:  (A)  10,000  ug/m L;  (B)  1000  pg/iaL;  (C)  500  yg/nL; 

(D)  200  ug/mL;  (E)  100  yg/mL.  Monochromator  spectral  slit  width 
0.6  nm. 

Determination  of  optimal  modulating  concentrations  for  barium 
(553.5  nm) .  The  sample  solution  contains  50  yg/mL  Ba.  Spectral 
slit  width  =  0.6  nm. 

Reduction  of  CaOH  spectral  interference  on  barium  resonance  line 
(553.5  nm)  .  (A)  Emission,  scan  of  10  :.g/mL  Ca  and  20  ug/ml  In. 

(R)  SLM  scan  of  the  same  sample,  using  1000  pg/mL  Ba  modulating 
solution. 

The  effect  of  added  calcium  on  the  SLM  detection  of  the  barium 
resonance  line  (553.5  nm) .  Ba  concentration  is  a  constant 


10  pg/mL.  (A)  Without  SLM;  (B)  With  SLM,  using  1000  pg/mL 
Ba  modulating  solution.  See  text  for  details. 


Figure  6. 


Figure  7 . 


Reduction  of  palladium  line  interference  on  various  nickel 
lines.  Pd  concentration  =  250  pg/mL,  Ni  concentration  = 

200  pg/mL.  (A)  SLM  scan  using  1000  pg/mL  Ni  modulating  solu¬ 
tion.  (B)  Conventional  emission  scan.  Monochromator  spectral 
slit  width  =  0.1  nm. 

Reduction  of  flame,  background  by  SLM.  (A)  Conventional  emission 
scan  of  N2O/C2H2  flame  background.  (B)  SLM  scan  of  the  same 
flame  with  only  solvent  sprayed  into  the  modulating  flame. 
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